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EFFECTIVENESS OF AN INLET FLOW IURBULENCE CONTROL DEVICE
TO SIMULATE FLIGUT FAN NOISE IN AN ANECHOLC CIllAMBER
R. P, Woodward, J. A, Nazyniak*, L. M. Shaw,
and M, J, MacKinnon

National Aeronautics and Space Administration
Lewls Research Center
Cleveland, Ohio 44135

ABSTRACT

A hemispherical inlet flow control device was tested on a 50.8 cm.
(20-inch) diameter fan stage in the NASA-Lewdis Anechoic Chamber. The
control device used honeycomb and wire mesh to reduce turbulence inten-
sities entering the fan. Far field acoustic power level results showed
about a 5 dB reduction in blade passing tone and about 10 dB reduction
in multiple pure tone sound power at 90% design fan speed with the inlet
device in place. Hot film cross probes were inserted in the inlet to
obtain data for two components of the turbulence at 65 and 90% design
fan speed. Without the flow control device the axial intensities were
below 1.0%, while the circumferential intensities were almost twice
this value., The inflow control device significantly reduced the cir-
cumferential turbulence intensities and also reduced the axial length
scale.

INTRODUCTION

Turbofan engine noise investigations have shown considerable dif-
ferences in fan noise levels between static and flight operation (ref. 1),
In particular, the blade passing tone level is often much higher under
static testing conditions. A plausible explanation of this phenomencn is
offered by Hanson (refs. 2 and 3) in which atmospheric turbulence eddies
are envisioned as being elongated as they are drawn into the statically-
operating fan, thereby generating a tone at blade passing frequency
as several blades pass through this disturbance. No significant tone
noise generation from this source would be expected during flight since
these eddies would enter the fan inlet with little distortion (i.e.,

elongation). Thus it is quite possible for part of the flight fan acoustic

signature to be masked in traditional static testing.

Flight-observed reductions in the fan blade passing tone have been
achieved in a wind tunnel (refs, 4 and 5). Reference 5 describes the
acoustic testing of a model research fan in the NASA-Lewis 9 15 wind

*
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tunnel. At a tuanel flow of 41 m/sec (135 1t/sec) the fan blade

passing tone was essentially reduced to the broadband level. These
tests were expanded (ref, 6) to include hot film turbulence measurements
in the fan inlet. The circumlerential turbulence intensity, measured

in the Tan inlet with a 41 m/sec tunne}l tlow, was reduced to 20% of

the value measured without tunnel flow.

Iinflow disturbance control appears to be the key factor in
achieving flight-type fan noise during static testing. Several investi-
gators have attempted to control inlet airflow with screens and flow
straightening grids (refs. 7-11)., Inlet screens alone have been
shown to produce modest reductions in both turbulence intensities and
blade passing tone levels (refs. 7-9). Good results were obtained with
a ribless hemispherical honeycomb device, the design of which is described
in reference 10 and the test results presented in reference 11. In
these tests, conducted in an anechoic chamber, the fan blade passing
tone was reduced by about 10 dB. Inlet duct hot film turbulence
measurements also showed reduced intensities with the boneycomb device
in place.

A honeycomb-screen inlet flow control device was tested on a
research fan in the NASA-Lewis 9x15 anechoic wind tunnel with no tunnel
flow (ref. 6). The fan blade passing tone level was somewhat reduced
by the inlet control device, but not to the degree observed for the
flight simulation tests with tunnel flow on the same fan. Inlet
duct hot film turbulence measurements taken during these tests showed
reduced circumferential intensities with the inlet flow device in place.

In the present study, the honeycomb-screen inflow control device
reported in reference 6 was used on a research fan stage in an anechoic
chanber to reduce the inflow turbulence and thus approach flight-type
fan noise. Cross-—film turbulence Measuremeflls were made in the tan
inlet and related to acoustic results. The research fan was tested in
three configurations which varied stator number and roter-stator
gpacing. The design configuration had suificient stator vanes to be
cut-of f with respect to propagation of the fundamental tone due to rotor-
stator interaction. The rotor-stator spacing for this configuration
was 3.5 mean rotor chord lengths. The same rotor was also tested with a
reduced number of stator vanes, tesulting in a non-cut-of f tan stage,
at rotor-stator spacings of 1.5 and 3.3 rotor chord lengths.

FACILITY DESCRIPTION
Anechoic Chamber
he results presented herein were obtained in the NASA-Lewis Anecholce

Chamber, which is desccibed in detail in reference 9, Figuie 1 is a
photograph of the research fan installed In the anechoic chamber without
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the fnlet 1low control device. Plan and elovatton views ol the tactllty
e plven in Hgures 2(a) and (b). Callbration al the chamber showed

it Lo have ancchole propertles within | dB for froquencies above 500 Hz.
e chamber may be operatod Ln cither a Mt ler open™ mode {n which
alvflow primarily enters through the silencer, or in an asplrating

mode in which the sllencer is closed and atr enters the chamber through
asplrating areas on the chamber Floor and walls. All of the results
presented herein are for the aspirating mode of chamber operatlon.

Acoustic data. - Far fleld acoustic data were acquired at a 7.6 m

(25 ft) radius at 0 to 90 degrees from the fan inlet axis (in 10 -

degree increments). S§ignals from the 0.64 em (0,25 in.) microphones
were reduced on line on a one~third-octave analyzer and also recorded
on magnetic tape for further analysis. The boom microphone, seen in
figure 1, was not used because of interference with the inlet flow
control device support structurc.

Research Fan

The resecarch fan used in this study was designed with low-noise
considerations such as large {3.5 mean rotor chord) rotor-stator
spacing and blade-vane ratio selected to satlsfy the fundamental rotor-
stator interactlon tone cut-off criterion of Tyler and Sofrin (ref. 12).
A dotailed report of the aerodynamic performance of this fan, ohtained
in a highly-Instrumenced facility, is given in reference 13.

The research fan was also tested in a non-cut-of f mode in which
the number of stator vanes was reduced from 112 to 88, This 88-vane
stator lan stage was tested with rotor-stator spacings of 1.5 and 3.5
mean rotor chord lengths. These gpacing modifications were accomplished
us ing hardware from the tests reported in reterence 13, For this
modified stage only the circumfercneial spacing ot the stator vanes
was adjusted to allow the reduced number of vanes to be equally spaced.
The vane setting angles were not adjusted. A compuler study of this
moditication Iindicated that there shiould be little adverse effect on
the fan performance.  This non-cut-of{ configuration of the research
fan was expected to have a fundamental tone more controlled by rotore
stator interactlon, and thercfore be less sensitive to inflow disturbances
or their maditication by the inflow control device.

A cross—sectional view ol the rescarch tan, as installed in the
ancchote chamber, is given fn tigure 1, Also shown on [ipgare 3 ave
some design parameters tor the fan. A contoured tLEght-type inlet was
used for these tests, A acoust leally-treated amular Ulow splitter
with axlal support vanes was [ustalled downstream ot the an to puide
and stabllize the tlow as Lt expanded pad fally inte the exhaust collector,
and o attenuate any alt fan nodse which might be refiected back towanrd
the tan trom the collector.
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Acrodynamic lustrumentatlon. - The research fan had suflMeclent
aerodynamle Instrumentation to establish the operating polnt in Lerms
ol pressure ratlo and mass flow, This instrumentation included
inlet thermocouples and static pressure sensors for inlet mirss { Low
calculations, and total temperature and pressure rise measurements across
the stage. These measurements were processed through a pressure
multiplexing network and computer system to calculate aerodynamic parameters,
The fan operating line was controlled by downstream valves at the
collector exit. Performance parameters were corrected to standard day
conditions of a temperature of 288.15 K (518.67° R) and an atmospheric
pressure of 101325 Pa. (760 mm lig.). -

In-duct sound pressure. ~ An inlet duct sound pressure sensor was
installed in the flight inlet as shown in figure 3. Signals
from this sensor were processed in the same manner as those from the

far field microphones. This in-duct sensor was not functional for all
of the tests.

Turbulence measurements. - Axial and circumferential turbulence
velocity components were measured in the fan inlet with a constant
temiperature cross film anemometer. Each {ilm was 70 um (0.0028 in.) in
diameter and 1,25 mm (0.05 in.) long. The signals from the cross film
were linearized, summed and differenced to obtain axial and circumferential
velocity components and de suppressed to preserve low {requency infor-
mation before being rezorded on magnetic tape. Analysis of the turbulence
data was done of f-line utilizing a digital signal processor., Intensities
and scales were determined by the same methods as reported in reference 6.
Data were recorded for probe immersions from 0.66 cm (0.26 in,)
to 12.95 em (5.1 in.) from the inlet duct outer wall. All inlet
turbulence measurements werr made with the design fan stage operating
on the standard line.

Inlet Flow Control Device

The inlet flow contiol device was used in an effort to reduce
the inflow disturbances entering the fan inlet, and thereby approach
[light-type fan noise characteristics. Figure 4 is a photograph of
the device installed on the fan in the anechoic chamber, and {igure 5
gives construction details of the device.

The device was bullt in layered condtructlon, with an inner layer
of coarse seresm as a base (70% open area) lor the outer layers ol
finer screen (V0% upen area) and honeycomly.  The honeycomb had an
frregular shaped cell structure (sce Tig. 5) with an ellective diameter
of about 0.64 ca (0.25 1u.) slving a length to diameter ratio ol the
honeycomb passages ol about 8, In cancept, the honeycomb would reduce

the transverse components of the incoming flow disturbances, while the
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downstream screen would further reduce any residual turbulence. A
necessary compromise in the construction was the use of a framework to
support the turbulence-control screen. The effect of thils structure
was minimized by using thin ribs oriented to provide minimal blockage
to the airflow., Flow tests were performed with this device on the
research fan which showed the pressure drop through the device at 90%
fan speed to be about 20 pa (0.003 psi), therefore having negligible
effect on the fan operating point. Insertion loss measurements, performed
with a speaker and a jet noizse source with no airflow through the inlet
flow control device showed the sound radiated through the device to be
attenuated less than 1 dB from 0 to 90 degrees from the fan axls at

least to a frequency of 20 k Hz.

DISCUSSION OF RESULTS
Fan Performance

The fan operating map (fig. 6) shows the aerodynamic performance
of the research fan as designed with 112 stators spaced at 3.5 mean
rotor chords and the modified configuration with 88 stators spaced at
1.5 chords. (The aerodynamic results for both configurations with
88 stators were essentially the same.) The aerodynamic results for
the design fan (from ref. 13) are superimposed on this fan map. At
higher fan speeds the 88 vane stator configuration shows reduced
performance compared to that of the design fan. It was not posgible
to take data much further toward the "rear stall" line from reference 13
without audible indications of approaching etall. This condition seems
to have been aggravated by the 88-vane stator modification. These
data points clogest to the stall line correspond to what is regarded

as the standard operating line.

The 90% design fan speed was selected for most of the acoustic
data reported herein. At this fan speed the blade tip speed 1is
subsonic, but the relative blade velocities are supersonic -- high enough
for shaft order tone generation. Also, there was good agreement between
corresponding operating points with and without the flow control device

at this fan speed.

Acoustic Performance

Sound pressure level directivity. - Directivity plots for the blade
pasging fundamental and first overtone (2 x BI'F) were made from constant
bandwidth (50 Hz) sound pressure level spectra. These spectra vere
averaged over 25.6 seconds. The directivity results presented in
figure 7 arc for 90% design fan speed and the choke operating line to
allow inclusion oi the cut-on (88-vane stator) results. Figure 7(a)
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shows borh verslons of the fan to have similar blade passing tone
directlvity without the inlet flow control device, indicating that
without inlet flow conditioning, the fundamental tone ls controlled by
rotor-disturbanee interaction [or both fan configutatlons. The slightly
higher results for the design stage might correspond to the higher mass
{low and pressurc ratio observed for this conflguration (see fig. 6).
The inlet flow control device reduces the fundamental tone level and
exposes evidence of a lobed pattern in the passing tone directivity
with both fan configurations, with peak values occurring at 40 and 60
degrees from the inlet at 90% design fan speed. GSince the angular
locations of these lobe-like protuberances do not change with blade-vane
ratio, it seems probable that these structures relate to residual
disturbances entering the fan with the inflow control device in place.

The first overtone directivity (fig. 7(b)) also shows a maximum
value at 40 degrees with the inlet flow control. However, the lobe-
like pattern is less pronounced than for the fundamental tone. The
wind tunnel tests reported in references 5 and 6 noted a lobed
directivity pattern for the first overtone, but not for the fundamental
tone.

Sound pressure level spectra. - Constant bandwidth sound pressure
level spectra are presented in figures 8 and 9. The far fleld results are
for 90% design fan speed and 70 degrees from the fan inlet axis -- a
location at which the inlet flow conditioning was effective in reducing
the blade fundamental and overtone levels (see fig. 7). In additionm,
the generation of shaft-order tone levels were greatest tovard the back
angular locations, and were well-established for the open inlet tests at
90% speed and 70 degrees from the inlet axis.

Figure 8 presents sound pressure level spectra for the design (112~
vane stator) fan configuration operating on the standard line showing
the effect of inlet flow conditioning in the far field and in the inlet
duct. In the far field (fig. 8(a)) the inlet flow control device is seem
to reduce the blade passing tone level by 10 dB and the first overtone
by 5 dB. In additiom, the shaft order tones were reduced to neatly
broadband levels.

The inlet duct sound pressure level spectra (from the sensor closest
to the inlet highlight), figure 8(b), shows essentially the same reductions,
although the blade passing tone reduction is increased to 16 dB. The tonce
contribution at about 16 K Hz seen in the inlet duct spectra (Fig. 8(b))
is not evident in the far [leld data (f1ig. 8(a)) with the {low control
device. 1t 1s possible that this tone may be locally generated by airllow
at the sensor. The modified (88-vane) fan results are not Included in
this comparison because the f[an appeared to be operating near a stall
condltlon.




The acoustic effect of the Inlet device for the fan operating on
the choke line is shown in f{igure 9. Data [or the 112 and the B8 vane
configurations (with 1.5 chord rotor-stator spacing) are shown for the
70 degree microphone and 90% design fan apeed., The blade passage tone
reduction with the inlet device for the design (l1l2-vane) fan is ahout
10 dB (fig. 9(a)) and the shaft order rones were reduced to near broadband
levels with the inlet device. The same results were observed for the
fan at the standard operating line (fig. B8(a)).

The 88-vane stator fan stage is not cut-off and with the 1.5 chord
spacing might be expected to generate considerable rotor-stator inter-
action noise at the blade passing frequency. However, as shown in
figure 9(b), the blade passing tone reduction with inflow contrel is
almost as great as for the design, cut-off fan stage. This result suggests
that for the inflow disturbances present, the rotor-inflow interaction
noise at 90% design speed is much more significant than the r¢ “r-stator
interaction noise even with a 1.5 mean chord rotor-stator spa-ing.

There appears to be some difference in the effect of the inlet
flow control device on the broadband levels in the far field and inlet
duct suggesting possible noise reduction through the device with airflow.
In the inlet duct (fig. 8(b)) the broadband levels with inlet flow
conditioning essentially follow the minimum values observed for the
open inlet broadband., However, in the far field (figs. 8(z) and (9))
the broadband levels with flow conditioning appear to be about 3 dB
below the minimum values for the open inlet. This broadband difference
does not appear to be frequency-related, and was observed at other far
field angular locations. The acoustic calibration tests of the inlet
flow control device with no airflow indicated sound reductions tc be
less then 1 dB. Thus there may be additional broadband sound reduction
through the device associated with airflow and actual fan model character-
istics. Additional flow tests with a known noise source which better
simulates a fan would be useful in the cage calibration procedure.

Time history. - The blade passing tone time history gives an 1in-
dication of the steadiness of the tone which is an indicatlon of the
effectiveness of the inlet device in removing random inflow disturbances.
In actual flight (ref, 8) and tunnel-simulated flight (refs. 5 and 6)
the blade passing tone level fluctuation with time were greatly reduced
from static values. The hemispherical honeycomb inlet cage of reference 11
was effective in reducing the blade passing tone fluctuation of a
rotor-alone fan,

Blade passing tone time histories for the design research fan are
presented in figure 10 for the far field at 70 degrees from the fan inlet
axis. The inlet flow control device is seen to somewhat reduce the tone
level fluctuations, but the reduction was not as convincing as that
observed for the flight simulation tests of references 5 and &  Similar
results were seen 1n the inlet duct.

ORIGINAL PAGE 13
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In the tunnel flight simulation tests of relerence 6 a turbulence
probe was inscrted into the inlet alellow. The probe maximum diameter
was D.64 cm (0,25 in.) and the probe was installed about 40 diameters
{rom the rotor face. The blade passing tone level during {light gimu-
lation proved to be very sensitive to the presence of the inlet probe,
with the tone level being increased to static levels with the probe
inserted 10 cm into the inlet flow. Consequently, it is reasonable to
expect the results with the inlec flow control device to be quite
sensitive to any disturbances that might be generated by the device
structure, There 1s concern over possible flow irregularities being
generated at the rib-honeycomb junctions of the inlet control device
used in this study. Thus a further refinament in the inlet flow
control device would be to eliminate these support struts, as was done
for the control device described in reference 10.

Sound power level. - Sound power level calculations were made from
one-third-octave sound pressure level results over the forward arc
(0 to 90 degrees from the fan inlet axis).

Figure 11 presents sound power level spectra for the design (112-
vane) fan configuration operating on the choke line, showing the effect
of the inlet flow control device. The 90% design fan speed results
(fig. 11(a)) correspond to the constant bandwidth sound pressure level
spectra of figure 8(a). The previously discussed reductions in the
blade passing tone, first overtone, gshaft order tones, and broadband
noise with the inlet flow device are seen in this figure,

At design fan speed (fig. 11(b)) the presence of inlet flow control
device was not very effective in reducing the shaft order tones at
frequencies approaching the fundamental. Lower frequency shaft order
tones were still reduced by inlet flow conditioning. At this speed the
blade tip relative Mach number is 1.135 (ref. 13).

An indication of the effectiveness of the inlet flow control
device for the three stator configurations over the test fan speed range
is given in figure 12. The effect on the blade passing tone of stator
vane number 1s given in figure 12(a) and of rotor-stator spacing for
the cut-on (88-vane) stage in figure 12(b). Corresponding results for
the first overtone are given in [igures 12(c) and 12(d). Disadvantages
of using one-third-octave analysis include occasional sharing of the
tone content between two adjacent filters, and inclusion of unwanted
additional spectral energy in the fundamental and overione sound power
level calculations -- a problem particularly present with shatt order
tones.

Egsentlally no difference is scen between the results for the
fundamental tone level for the two lan coniigurations at the maximum
(3.5 chord) rotor-stator spacing (lig. 12(a))., As fan speed 1s increased
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the pressure drop acrosg the honeycomh-screcen arrangement also Inceroases
and 1t thereflore scems to better reduce the Inflow disturbances.  This
effecet 18 geen up to a speed of about 85% deslgn specd, where the
Inflow-contraolled results begin to approach those for the open inlet.
This hehavior may be due to the generation ol rotor-alone noise as the
rotor tip relative Mach number exceeds unity (which occurs at about

B5% design speed).

The blade passing tone level does not change appreciably when, for
the 88-vane cut-on stage, the rotor-stator spacing is reduced from 3.5
to 1.5 mean rotor chord lengths (fig. 12(b)). Thus, rotor-stator
interaction appears to be relatively unimportant in the generation of
the inlet-radiated blade passing tone.

A somewhat different picture emerges from the results for the first
overtone (2 x BPF), It can be seen (fig. 12(c)) that vane number
produces little or no effect at the 3.5 chord rotor-stator spacing
without the inlet flow control device. With inflow control, the 112~vane
fan configuration produces about 2 dB less tone than does the 88-vane
fan.

Figure 12(d) shows, however, that there is also a spacing effect
on this overtone level., Here at the lower fan speeds the 1.5 chord
spaced configuration is about 5 dB noisier than the 3.5 chord spaced
configuration, with little effect observed with the flow control
device. As the fan speed is increased the flow control device becomes
increasingly effective. Additionally, the results for the two yYotor-stator
spacings begin to merge as the fan speed increases above 80Z design,
where the rotor tip relative Mach number reaches unity. It appears
that the first overtone is controlled by rotor-stator interaction at
fan speeds less than 80% design for the close-spaced configuration, with
the forward propagation of this tone being restricted by the sonic
flow through the rotor at higher fan speeds. Thus, at higher fan speeds
the overtone contribution due to rotor-inlet disturbance interaction
dominates, and is seen to be somewhat reduced by the inlet flow device.

lnlet Turbulence

A radial hot film cross probe was traversed in the inlet duct at
the locatlon shown in figure 3. Axial and circumterential turbulence
measurements were made for probe immersion from 0.66 cm (0.26 in ) to
12.95 em (5.10 in,) from the inlet duct outer wall. To avoid acoustic
eflects due to the probe wake, these probe measurements were made scparately
from the acoustic measurements.

Similar turbulence measurements were made in the inlet duct of the
research fan In reference 6. In these tests the circumferential turbulence
intensities were reduced by a factor of 5 with tunnel flow (compared
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to no tunnel flow) with less signiflcant changes In the other turbulence
properties. |t was concluded that the circumfcerential turbulence
Intensity plays a major role In rotor-inlet disturbance fundamental

tone generatlon, The inlet flow control device described in the study
was also tested in reference 6 {(with no tunnel flow)., The circumferential
turbulence intensities were reduced to slightly below flight-simulation
levels by the flow control device, however, axial turbulence length

scales doubled relati to static, pen Inlet conditions. ‘The 1lnlet

flow control device partially reduced the fan fundamental tone level
compared to that observed for flight simulation with tunnel velocity,
suggesting that the tone level is somehow controlled by a combination

of turbulence Intensity and length scale. The anechoic chamber turbulence
test results of the present study generally follow those reported in
reference 6 with the exception of the axial turbulence length scale.

The axial turbulence intensity (fig. 13(a)) was not affected by
the presence of the inlet flow control device in the free stream. A
small reduction in axial turbulence intensity was observed at the
measurement point nearest tie wall, but no detailed boundary layer
survey was made.

The circumferential turbulence intensity was conslderably reduced
at all probe immersions by the presence of the inlet device (fig. 13(b)).
This turbulence component likewise increased in the boundary layer
region, but not as much as did the axial component.

Figure 14 presents the axial turbulence length scale as a function
of the probe immersion distance. The presence of the inlet device
considerably reduced the axial length scale. This result is cons?stent
with the reduction in blade passing tone level with the device installed,
and fcllows Hanson's explanation (see refs. 2 and 3) of blade passing tone
noise being generated by ingestion of turbulence structures sufficiently
elongated to be intersected by several rotor blades.

The difference in the effect of the inlet flow control device on
the axial turbulence length scale in the wind tunnel (ref. 6) compared to
the anecholc chamber may be related to differences between the two
installations. In the anechoic wind tumnel of reference 6 the inlet flow
control device, through necessity, was close to the tunnel walls. Jt
is possible that this proximity to the tunnel walls generated adverse
inflow disturbances which could not be adequately removed by the inlet
device.

Low {requency, constant bandwidth spectra for the axial and circum-
ferential turbulence velocity at a location in the duct wall boundary
layer are presented in figure 15. For cach component there Is more low
frequency energy assoclated with the uncontrolled inlet flow. This
result is consistent with the turbulence iniensity results in the boundary
layer of tlgure 13.




SUMMARY OFF RESULYTS

A research fan waa run In an anecholc chamber with a honeyconb-scroen
inlet flow control device. ‘lhe design conliguration ol the ifan incorporataed
a blade-vane ratio for fundamentsal cone cut~off, and a rotor-stator
spacing of 3.5 mean rotor chord lengths. Two additional configurations
ol the rescarch fan with a reduced number of stator vanes ([undamental
tone cut-on) were tested at rotor-stator spacings of 3.5 and 1.5 rotor
chord lengths. A cross hot film anemometer was used in the fan inlet
to measure the inflow turbulence structure, Significant results of
these tests are as follows: -

1. The presence of the inlet flow control device reduced the level
of the blade passing tone by about 10 dB at some angular locations,
glving about a 5 dB reducttion in the sound power level at the fundamental
tone frequency. However, the tone was not reduced to near broadband
levels as had been observed in some flight measurements,

2. Considerable reduction in the turbulence circumferential
Intensity and axial length scale were observed with the inlet flow
control device,

3. Rotor-inflow disturbance interaction was more important than
rotor-stator interaction in the generation of inlet fundamental blade
passing tone nolse. However, the inlet first overtone (2 x BPF) levels
are controlled by rotor-stator interaction at close spacing. At higher
rotor tip speeds this source may be attenuated in the forward arc by
propagation through the rotor when the tip relative Mach numbers are
greater than one.

4. The inlet flow control device was especially effective in
reducing the generation of shaft order tones to near broadband levels
for near sonic rotor relative velocities. The shaft order tone generation
was less affected by the device at higher fan speeds.
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. 1 mm WIRE DIAM, 70% OPEN AREA - % % "'SE"

T BASE SCREEN, 0.58 cm, 0% OPEN
T AREA TURBULENCE REDUCING SCREEN

HONEYCOMB 5 cm (2in. ) DEPTH -
0.0033 cm 10.0013 in. ) WALL THICKNESS

] HONEYCOMBIS CREEN ARRANGEMENT

FRONTAL VIEW ~ SECTIONED CONSTRUCTION

Figure 5. - Infet flow control device,
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Figure 8. - Sound pressure jeve| spectra, %0% design fan speed 112 vane stator, 3.5 rolor-stator spacing,
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Figure 9. - Sound pressure level spectra, 76° from inlel, 0% design fan speed, choke operating line handwidth
is 50 Hz),
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Figure 12. - Effect of inlet flow control device and fan
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choke operating line.
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